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Introduction
During solidification of alloys uncontrolled flow can develop under earth conditions due to density difference in the liquid phase caused by temperature and concentration differences. The intensity of melt flow affects the solidified microstructure and therefore the physical and mechanical properties of the alloys. The melt flow can be controlled by rotating magnetic field (RMF). During controlled solidification, the melt flow induced by RMF leads to macrosegregation in radial and axial directions, which results in a change of phase ratio and distribution [1] [2] [3] [4] [5] [6] [7] [8] . If macrosegregation is substantial, new phases (which are not found in the original alloy) also appear in the microstructure. The majority of these investigations were performed in Al [3] or Ni-based [4] solid solutions and eutectic alloys [8, 10, 11] ; only a few reports are devoted to the effect of melt flow induced by RMF on the microstructure of peritectic alloys [12, 13] . The peritectic alloys are commercially important; these are, for example, some types of steel, Ni-Al, Fe-Ni, Ti-Al, Cu-Sn alloys.
The aims of this paper are to understand the effect of the rotating magnetic field on the Sn-Cd alloy solidification and acquiring new knowledge about the stirring effect of magnetic field.
Experimental procedures
The binary Sn-Cd 1.6 wt % alloy used for solidification experiments was prepared by induction melting, from pure Sn (99.99 wt%) and Cd (99.95 wt%), of which 8 mm diameter rod was drawn in several steps. The solidified probes were 8 mm in diameter and 100 mm long. The unidirectional solidification experiments were carried out on the Crystallizer with High Rotating Magnetic Field (CHRMF) equipment developed by the MTA-ME Materials Science Research Group [10] . The molten alloy was continuously stirred by a constant rotating magnetic field until solidification was complete. The first 40 mm of the specimen solidified without magnetic stirring, and then the magnetic field was switched on, which stirred all the remaining melt during solidification. The following experimental parameters were applied: magnetic induction 3, 10, 20 and 60 mT, frequency 50 Hz, magnetic Taylor number Ta = 1.45x10 3 , 1.6x10 4 , 6.4x10 4 , 5.8x10 5 , temperature gradient G = 6 K/mm, specimen moving velocity v =2x10 -2 mm 2 / s (G/v = 3⋅10 2 Ks/mm 2 ). A longitudinal section of the solidified specimen was made, then grinded, polished and etched in a 4% Nital.
The specimens were studied by Light and Scanning Electron Microscopy, and X-ray diffraction. The Cd concentration was measured by a BRUKER AXS type EDS coupled with a Hitachi S-4800 scanning electron microscope without standard.
Results and discussion
Microstructure Fig.1 shows longitudinal sections of the Sn-1.6 wt% Cd alloy solidified under different magnetic induction. It can be seen that in the first (unstirred) 40 mm part of the specimen columnar (cellular) structure is formed, similarly to results found in literature [15] . compound solidified (see Fig.2 . and 3). The solidification of β phase will be completed at . In both phases, a significant difference of concentration formed between the center and the edge of the phases because the diffusion in the solid phase during solidification is slow. The peritectic process practically was failed for the same reason. In the course of cooling the CdSn 4 compound first transformed to α phase (in equilibrium the 1.6 wt% Cd alloy at T e eutectoid temperature contains 66% Sn and 34% CdSn 4 compound) and then the remained compound transformed to α+γ phases in an eutectoid process. The γ phase is a Cd based solid solution (Fig. 2) [15] . Fig. 3 shows the sketch of developing of microstructure, the temperature and the concentration distribution in the melt during solidification. The concentration of the melt at the base of the cells (at the end of solidification) is much higher (C ) than before the cells, where -if assumed there is no melt flow -the concentration is the same as that of the alloy C 0 . Fig. 4a, 4b and 4c show different magnification of the columnar oriented microstructure. Fig. 4c shows in higher magnification that the black particles are Cd phase ones. Cadmium also precipitated in the primary solidified, supersaturated Sn cells along the low-angle grain boundaries, revealing the latter. Fig  5. a illustrates the concentrations distribution measured in the direction perpendicular to the cells. The Cd concentration in the Sn cells (light areas) is nearly the nominal value, while between the cells it is 5-7 wt%. The latter value also indicates that the peritectic process did not occur; the solidification process was finished with the formation of the CdSn 4 phase. In Fig 5. b the idealized concentration distribution is shown which is very similar to the measured one. (Note that the measurement was carried out without standard, so the measured values are for reference only.) Fig. 6a , c, e, g, show transitional zone between the stirred and nonstirred parts, while Fig. 6b , d, f, h illustrate the structure of the stirred parts at 3, 10, 20 and 60 mT. During stirring at 3 mT no separation of the structure occurs. During stirring at 10, 20 and 60 mT the columnar structure is broken, an equiaxial structure is formed in the stirred parts and a "Christmas tree" microstructure observed as in other experiments is also was formed [10] . Fig. 7 shows the "Christmas tree" type structure formed in the stirred part in lower (a) and higher (b) magnification (20 mT). The lighter areas in the figures are the primarily crystallized Sn solid solution, the broken branches of the "Christmas tree" (darker spots) are CdSn 4 compound formed at the end of solidification and eutectoidally transformed during cooling. 
Macrosegregation
Two types of flow occur in the melt due to rotating magnetic field. The melt flows around the sample axis (primary flow) and parallel to its axis (secondary flow) (Fig. 3) . The primary flow rate is by an order of magnitude higher than that of the secondary flow [14] . Due to the primary flow the higher concentration part of melt flows in the direction of the probe axis, where it is enriched, developing the trunk and branches of the "Christmas tree". Fig. 8 shows the distribution of Cd concentration as function of radius at section 1, 2 and 3 in Fig. 1 (B = 60 mT) . The concentration is significantly higher in the vicinity of the probe axis and at its edge than around the half-radius at section 2 and 3. This phenomenon has not been observed in similar experiments; in the case of Al alloys the lowest concentration was at the edge of the specimen [10] .This effect can slightly be observed already at position 1 (see Fig. 8 ). Comparing with the images shown in Fig. 6 there may be a curvature of the solid-liquid interface. Therefore, a radial temperature gradient may exist and may support solute radial gradient. Section 1 is close to the section when stirring was turned on; the difference here is much smaller than at sections 2 and 3 being farther from the section of stirring turn on.
Due to the effect of secondary flow, cadmium rich melt flows upwards along the axis, being replaced by the melt poorer in cadmium. As a result, moving from the section of stirring turn on the mean concentration and the difference between the center and half-radius concentration was increasing continuously. Increased magnetic induction results increased stirring intensity; in the current location ( Fig. 9 , section 2 in different samples) a higher mean concentration is measured. 
Conclusion
When solidifying a Sn-1.6 wt% Cd alloy with velocity 0.02 mm/s in a temperature gradient of 6 K/mm, a columnar (cellular) microstructure is formed. Stirring the melt with RMF at a magnetic induction of 3 mT the columnar structure is retained, while at 10 mT or higher values an equiaxial microstructure is solidified. A so-called "Christmas tree" microstructure is formed. Due to the effect of primary melt flow the Cd concentration in the center of the specimen and at its edge is significantly higher than at the half-radius. As a result of secondary flow, moving from the section of stirring turn on the mean concentration and the difference between the center and half-radius concentration increased continuously. 
